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(43) D&t0 Of ^tefe: 
pi) Apdk^afe number; 



{St} U O. 7 : »4M3/1S 



at a* *m ct m m m it u lu | s ©^ii^ 

^CNl^TSE I Easter "fe^e^m^f 

I CM) Rsprss-^* 



{71} Appfcaf* KOpm.0Ommef 



toasts* $i 



(S7) An p&ai b$^no & pl*> 

s£s snsr^en *n r&ws ers* ssst>n^ns. that <sf. 
iha p&e$ ss?wr In si sep^rs&sl order of tm& 
s«ch .0 tk®$m& kmwms ^g^cs^ ■ m ih& ph0&&^ 
tmM&g *»?t Ihs iscuner% bsbs tea 
an sr^Plsr w»n ^sh of gabee* in '.; 
^vely connac£ac! to e oosonsi si^rtal bus. b$r a *3$6$& 1 
s&to? con%uratspn. Afosing cfeebn w^n^o*^ 

<^er&t$v%- ^>nectacl to She *-asst 

pijx^ ^^vt^ilN^ gate on!ha> $ 

the row of ph^odiat^Drs.tMt; & ounmftg hm&&m&4 
\$ also mm$z&$d:l® She >±mn of f*a nesd rgas? sfpfofiafe.to 
be read rewfe^ In a sor*%ura#qn IH&t a^ows se^fe 
and ds^^on c^ jw « the r^aibi^os, Dursng 
sak^on of a #$rtbu&r r« amppsrs wtas «&ci 
p^i of ttet row ars qpsr&lMy coj^e^^d i& . tr*a 
mm $sgo^ to ^mle tfw amp^fero of th« r«m&m*ng 
roi>va are d&s^eoted sxi not £om$£&@d t& the ootess 




^ ^^ 5 £i^si^^^^^sv y .v — ***** 




IP 1 



FIELD OF THE IlVBTOdti 




pjxe* Senaofa SAPS) -hat hava activa: akana 0"aa>arSa 
aa&o^atad with aaah prxak aad a**ora apaoalna% to 
Bc&d S^^-^i^v^i^^^ pha^ioda typs phpa> 



p^og (CDS). 



san-n nr 



OF THE «^ft#!t 

|§M2J APS are scld Ism^^ w^T^ v r : m 
pixel commas the typical se**3 state pda; elae^aat* 

Je&kjiilnp. 3 Ots>tO eeaala^ a^OnS, rOaat maar*o. St 

charge to vo&age nara-anaon aseana. aod ^dirxa-anh/ 
or part of an nmpllker. The pk<at<aAssraa cs&dC&Qg wiitan 

?s cmv-erted to a noa-espvt^ka:* vo§&g§* sa <3&ar* as 
tent wf*k*e tha pi;<a$ as drsousaad in prka art dnanetaala 
mxt, ae "Actsws Fixes Seoaoo: Ara CCD's Dlm>aaars?T 
Voa 133 asAy by Bis Foe- 

APS aksnses kayo t»so op&r&tad *o a manner 
where each ar rm f ot ths r^agar Is selacted ami 
tte read eotoelng asdlseoasea: 
E, PI -soi Senapra: Are PSD'e mm* 

VOL 1S^08-B194-11SS >J^ 1998 ar^d 

Fo^snoa tr> "128 2a O^OS Fhosodkxkrdype Acsve 
Flxel Senear awgfo- <>voha> Tkrsan, Control sai Signal 
Cha^n Baoannksk. fh^aedax<* o* toe SPSS voh 241 & 
Cn-srae-Coapied Dev:oea ana hk;lr:nkkata Ophcai Se-v 
sore V' paper 34 rv^S) The aak?aceoa g? ro^a nrxj coa 
ames wkh^a an A<^;M?^.p5xaL;S>sif-s*or as anak>aoas so the 
aelaehen of vnxde ana oka ;n rneraoa* envk:e:> nk^a 
selaoSoo ot an eraka ox* wnaki be anak;oe-.;e to 
aelaer^eg a aaxd sad tea adding oal: at ana at tan ork- 
nnins the Acsve rlxai Senera woekl be srH^pus; ^a 
a^^a^arj ar ???>arx^a^ a s^a^a b--- ana s^tHa that ward, 
Coavaatio^ai prior art phalad^>aa ooatasjs t^aaa arch!- 
toctare^ errs^oyia^ 4 t:r 
trar^s^org <4T) are typi^aar>y vna 
R^s*t and Soarae Fo^o^r Aa^arier aar:a;^tara. Whlk-i 
ta^a arahaaa^ara prav:ck>a taa advaatar$es yk^ag 
APS <^j£8S h^jria thi : .> aarxkvria/ to aaa??^ paaora> 
COS and provkM ;aa^ raad^sat r^sis. tr^asa 4T p^xa^a aa-k 
tar ?ra>a> aB fetor tor ^a th* parc^ata^s a s > 
pjx^i ara^ taaa ?s dawrecs ^ ta>s pha^asaaaar. Ssaae 
ta^a 4 tram^atora sad ttsa asaa^a^sa car k.aat regions ^ 
>and s^gna^ t<L^a>*a ara ^acad ^ ^aoh pb^k ssid smce 
<soaiBS^ ra#!aas tj?paakv sraas^ms a fega amount 0f 
pjx# a? ©a da>s ta f ha ra^a^rao a^aha:p asxl spasln^a a? 

■&mmmt d< : iM-M§mmm ^m^m^ that as?ii^ oth^r- as 



0? thas^ oon^oaaaat k> taa .appmpjlala !?m?n^ skfr>a? & 




-a: 



;Jkm& rm^M, §mmm ■ sa- a a^s^aiy arxtnua aad ean 
oaokid^ rag^ana or tha pix>k:<Satac^x ord^r to tit tharn 
?nts th«i p?xa? pkch Tars also r^nc>sa th^ 11 factor of th« 
pix^. Dacr^a^ag rha n^ facto? r^iaxsa ths asnskivJiy 
arx? aaa.- : aaa^a ^<pna: or fhs saasca; Th^a advaraa^y 
^iaata tl^s ahatc^rapnia sp«ad ; aad ayaarna; raa;a?a of 
tfw ser^aa;\ pa^^ax-nsaasa rr^asa^a ?hat ara crki-sai to 
ofe^oksg: goaolmarja qual?ty, 

PC^03| Prior art d^vis^a saplsyinp 3 traaalstax {ST) 
b^sad prxc% ha^s s Nahar fia factor thaa 4T prx^as, but 
thoao ST pixels caatoat aas^ly paaksrm CDS, Saa;aoys 
feat pe^rn CDS ^mploy^arj 3 translator oa^ad p^xajs, 
^ first r^ad oat and atoro ar; irrsa^^ fa^o asm- 
re&^t lavel l©r e^oh plxe^ oa !ha s^aoa k^st 
the- aipa^ jrara^ ^a oapa;^^? ana f^ad o=.a Ta^ raaat 
java; Iram^ sto?ad In mea^ary rnuai -haa pn satsiactact 
trora tho signal ^aa>a at sach pkai to na^rlda a pr.^ a?a- 
l^si that ?a rafaranaec? to the pko* ? aaot lav^ prior ta 
a^an/aixax Tals reqwsts an ®stf& transa ol rnaax>ry ia 
the ^atanjrxj systonx anal aa a>Tn stap k- taa p^pkka a^- 
a>si procasainp oh?^a, k^r*a sdvarssly atk^ang tha 
apaod, srsa aad aoat of tha aystsax 

A typlssd prior srt Fhotasskx^ APS pad*; ia 
ahawn ai Flgara 1 . Tha plx^l In Fka ^ h- a prior art 4 trsa- 
alstar plxal $hat canprlsas: a photaak^a (FDk sad 
tranatar ti^ansis-tar (IB) : a'oakan aakaalar > (FD) : rasst 
tranals^or with a rasat arite (RG>. row as^aa transistor* 
wah a rov,- sakia gata. (RoOp a sotsoa a;^kxvar input 
■sagrsas a-analsto: fSIO). a row ^sct Signs: anas (RSSBp 
a roa^t gata sk*naJ rx^sa (P.QSB} < and a transfer gate 
s^gnar basa CT3SBT a adraaora: pktata ara sho^x aaah 
con iai rang Idenllsal oat say>aaato kans^tovs ana 
contra; s^tnai Ix^saa^ far RO : TG and RoQ. Aa statad 
abova thasa 4 transistor plxals prcvia^a tow :aadoat 
nty^a vs«th CDS oy iacu^ia^a of an extra trarxdstar aar 
ptxol Howavar tha araa. required ta iniak-anaai tan 4" ; 
kaask?tor radacas tha f^j factor tn the ptxal conrpa= -ad ta 
^a 3 tnans!ator alxaL 

[aX^al k should be raad^y apparent that -ft^ara- 
ramalna a nead: wahla tha art to pramOn an aanaasta 
pkel archttactavo that haa higher to kiak>r an:? Ina 
oap-sblllty to p^honn CDS vvnhoat tha nana to csptara 



Ttta preaork In^akon prnaldas a high titl aba- 
tor Phatodjc-da Aatlva Poel Arctatectnra ^ath kta S5t§>a - 
bsliy ta partorra Carra^act Danya San^a§ : (CDSp 
Tha for*>clloaalltv of a 4 tran^lor plxal Is malnlaa^ad 
wh?la ella^lnatinfg the strata salaattarrr>aa>tor. litis 
rs ctana ahanng Ida RG ca^atro; a^gr^a^a in ana row 
w^s tha raw aalast raanna oion aalasa?^ raw 



Thepresaat ia^antloa prrnaaas a Rhatadioda 
Ao&aa Plxat aaasar w^th traa Conekaah Danosa Sna a 



a^ia^:;av -a;a.. 



3 



€P1 01? SSI &3 



4 



pin§ fCD% 0£$ng only resohina in a 

higher f& f&ason The advantage gaJaad is hiph Mi fm$m t 
a^S Umw tm^pmm rmm, dlmsM^^^m era fore- 



mm? nmompnoH of the drawings 



5 



F|$. 1 ^.s^^^ic •d^a^m-.^:^::§d|scan^ phiara 
o? prior art ar^h^es^f ^ i>r a tear aamiesor FhaSada 
aria Astrve Fi&al8aa;$or p:ash 

& Is a ^0^i0: : #^^m o? M?a ac^aoara pixale 
oi a w Rhotodioaa p^ei a?ahstactara t^r an Aatjva 
Fnai aan:*or: 

F^. 3 js a antng d&grarrs fct?^iinQ the gpere&sn 
ot $ha prnsie to in Fla, 

B&-4:l§.& at tha pM shown in Fia, 

CHETAHJED DESCRIPTION 



Ra\ 8 m &sor*ani§t*o i:astratian ot tha 3 tr^v 
;xe? aioo:tac1ara for an Active Pba&S 
Sartor (APS) as en^*onad by tha present g&$n&#f. 
Trie prefer en^prxsment ^shown In Fig. 2 ^nsSoMss 
best rearja Known so tfa*an$or Other physical 
sote^ants ara .restore thst ate envious van&saoa 
an$bcescw*ehowo in Rg & bed&aasaad 
fmthsr belaw. The p*xeh; 10 ^ Fig. s ara aiaria 

prxala wfshm an array ot hawras naroeraua rows, 

and a^umrm Tha Iwe row i^aoant p&a*§ 1 0 ara shown 
in Fip. 2. to indicate how oanao^ the e^na* ?tnas as one 
row &ra uaad ka ann?ho? pyrposa $n aa .®d|saan« row. 
.For the parposa of aFtin^ag and opam^n, 

F% 2 a&a nontax so ^mg§ ot asr adnata aaarag 
asgn&i praaaceing eaea te ^ on* ^ aaoaar Tha par 
c?5^mrs a?gna? praeae-anci rater ad to in rha nanaiatad 
enable aansaUng rhat a perlmrKSd n?xta? control at the 
Sample and Maid Srgna> (SHS) and Saaiela: and rioM 
Sesat (SR rf) traaeiatore that so&wSa that aampeng £sl 
the poesl skanat wo&age by the Capacitor Ca aod 

tha pb^ r^t ^Hag^ by Be^at C^c^ar Cr. 
[OQlOJ Aa ss^£ in pig. 2, Ifrs por^ 10 om^lses: a 
phc-:odio^e p^a^ocjataclo: 72 fPD}. tr^a^iar oata {TO? 
23; l^o^tipg ^ff nsioa |FD) 26; a resel Ira^s^? 1.4 wit^ 
a r^sai^ata IS (R<%. a reset drains IS ^r ths ra^et^n>- 
^ato 14: a soarn^ Mowaf Input sjgnai tr^naistar £1 
(Sr3); tranate ^ata s^o$* ?T3SB) 26: an^2 a 
?esat gate signs! huae {FGSH} s? "he r^>w aa^ac-i arid 
the ae?act sinml bjas ottha pf^rarip^ahahawnla 
F^g, 1 m mmmm^ K and Ihe row a^act pranase is 
eaoamp?iahad la a anw^ omane? ^ee^a^ed haralnpa- 
kxv Aa shown in Fi$. 0>e rea^t gata a^aa? bii^a 
CBGoB) 2? of any" given row\ reharn^d to har^io as Bc^< : , 
Is &onaao?8d to tha rasat drains "s B of oaxt row in itte 
raadp^ aa^isnse, r^feed to h^ralo as Bow^ v The 
tmr?s^r, g§fe. ^> ^§r?sl: tea: : ^s^K^nls the 



1 3 Bafelng la Fi^. 3. whleh is ^ arr^ing ri^agraai 
aaad la daaanha ape^fen ol th« 3 Iranaia^or p&ers 
tOahawa In Fig^. 2, the op-eratk>oaf t^a naw p^ararahl- 
tectara ^ar F^s.. 2 he aaeshhed. !r. ahaa^ss a^ao ba 
aarJaratood fed: the pises apara&sa da^crt>ad takaa 
plana lar an aa^ira raw a§ p?>seie 10 jn tha aahtaxtai tha 
.•ss&ndsrd per ro^jna ar«ar opa^aaaa of OMDS 
aallve p^ara^aso? ^a^haa^. Tha^agr^nvah^a^ the tim- 
Ino : rm<^^: rai^a w«a the aan- 

ear; ; R<j^a^ , RssW;, ancr Raw^-5 . Eaah al tha aigria^ in tha 
&m*no: diagram hava baar$ aoa^^a^ad wah a aijha^rim 
e^iaain^ #^a row that fei^ ara asaoc^atarj wit> it 
aha^y ba iindars^^d • 1^ ^he jow^s in tha ia^ap dia- 
gram ara raiatka ar\1 nan i>a aat ta ha arry preaa^ar- 
mlnaP e^goa^ l^^l is pra^ida ap^m$aad censor 

pOI 21 The tem^xdkw^- t^^ ^ a paint lo t^n^a 
jn^aaiad ae where Sha inta§aahaa ^rne Row^^ 
has a^apaad and the r^a^$a£ of Row,-: ^rr^t^na^.. : 
Bowj^ haa b^en h^a^ieet^, ard fld^ ara both 
high; at hma -r-j ia ;*a^at-#?a llo^nt- ^laej^a- m Row^. : 
(FD^^J to -¥DD, or aoraa othar appropriate pr^i^or-- 
n^sood palatal Tr^a raaat .pafe^al' now itetta on tha 
aaaraa ^^awar lapat traaaiar^a In^^R ahaa- 
aaiaatja^ that raw tor raanoor; at rpsa§ lavai at 
th« rka&tlng nihh=ejon which ie samara an^ nakl an Cr o>< 
p^ng SHB at pma f^a Ir^nafar ga*aa ^-:$$m$p- 
{Tq^ x) pi$U§d on m ttraa % so trahafar siii^asi 
ahai^a teo tha pholiadio^aa Irf f%^j:^ : :a??tol:ha: hos^r^g 
dstfuaiona (FD 5 . , ) of Bow;. Tna aigna^ iav^a al tha nosti- 
1m ^o^or^: ?n T?bw^: f CF^^l ara a?: a ia^rar lhat 
^Ifsati^y &eraots Raw-^ ^r:raad»:ah^ : thaa^r^ : la^- 
ale these Tiaat^ria a« ; f asiona |FD :> - ? ) ah £$ewj are thao 
sanaiiio^c- ai>>a herd an Co by pah:-joa SHS at an^a 
Eaah ootan-o in Bow ; ,.v h- than reaPaat all^^a^iaiy 



■pmM .mM^^^m the hmjap pis 
: R<^ F at erne as ■ : ' : ■ ' * ' " 

pai^j Fo?^w?aa: tha h^eat at Baw ; ^ , la 
dOS#aot^ hy paisiag rtS, ? aa whila iaaviarj BO;^ raw 
at l^a Trt$a aats t^aa^aliag^ at tha tlnatin^ diffassai-^a 
lor BpW:.r fFD^> I ta a lavai Ih^i; sbu& ot^ tta aaa^ Idh 
translators lar ROWv- s efetVary olacaa- 

nacting tha aoarca ^to^^n? ROW.. s from the aa^ot 
signed cnion^n haae ; f raa <taaalaat?aa Bo^^.::i:^^;t :: ^fe^ 
ja satect^o by pi^wng or? RG ; wi>^a RO^ -a ha?a< taah at 
fee>y. >t ahonio ha noted that the fa^pa&inn of R3<^ at 
t^o^ay ^rnp^y r^ Ihapra^i- 
ao^ rowlhat was read fF%. 5 ) to a bw w^taaa, kaarjng 



1} >n a nan-aaahien ?;tata, eheahva^y aiaaannaciing the 
tjpai^g othaajnas tor the raw that wa 



aa ;^; feV:vl, 



(FD,. <} aaci pfavenrs ii ham imarteang wthh tna aatpatpt 
ttia c^r^il rssw o^ng raad : in t?$a saaa FC^;;1%#:;^^|r : 
!^;of the t^oatsng d=?taak5aa -II^.BC^X^? 
^toiartd; mm by pn&rng 8HB at ima TB, lo t^an 



l *hlgh" to traas?a? tmmmm coarga irom tmpm- 
tablacSaa tar ROW; {Pd f > to tho rtetsrsg drSbailsos tar 
^OWj (FD;) fioa> and. ba> slgn&i kavs* ai aaasp^o 



apaa aa 



anb ha;b by aolanaSHB attimo Rasaoof a? Raw^ le 
thar? g&mp* eb-al sin*ba;y to . 
pb14f TVs process aeaoebod &f ROW^ m& 
BOWj *0 rapoatacttor Rava^, Raw^ is b^e^eotes by M 
boa tbo FD< to o ba oaeoae ^evof at: a s by aa?xieg RQ> 
"high* \vh?iO BC4 ; if> hekf low dialog the source 
law^ iransaaar tc* ROW? Row : ,.^ la roeoi wt 
atas to stitag Row.,., Cms a s baoauaa Rp. is "hl£b v at 
that slo^a and Row^ » Us sfeb^aly aaaclod with =al ather 
deseS^cted; the reaet l-eval & kaaspsed raal aald at 
base by ae^vailr^ SRR. the e;aara baa* I r> transferred 
from PD^ t to F% * at fee t,<* ay T:3 M ; the ebiaal ka?al 
Is than saispM &np ; halrf at o^o aaa to* Rou*^ r^ad&ut 
ocoure at brae a^ aapraaoaay baaarsbad. 
p01S| Tms process repeat* for a8 aaas of th e sara 
oar uatll the aebre fVarao or sequence a? b&a^e readouts 
>%: oomplata. II eheofd be aelea that the w :s#&ot and 
daaaleot process eookt alao be oorablna:! ay allmla&tlpf 
the kaa of Ihe 2 RG ps.a>ee and aaaog ^aouph overlap 
PHha adlbaoat Fo3 blpnala ae babaated in, Rg, 3, Tae 
habog aastratad b^ : hip. S fs that wh?eh tae saaerbar 
l^eaeo that best asade aperat^ne; the lewrslaa 
POffJ Rremthea^ 

la ewdeas that tab; new 3 transistor aaoaa-boae piss* 
archlfoauaa poy^d^ auo C$38 aa^pat w^ho^ ■ feg; 
neod fe- ofo?>:osj a ?eset f « ; 

P^^TJ T^a %p^aa ar?$a sat Rha^oa^a APi p^ 
e^awn io Pi : a^os t 4. te^^u . stml 3 

control akino; Dsieses,. %• oaopaoaO:^ a^v pj^t 
arcNto^ta^a ta ^ ^ ^or?w$soe only 3 tfa^s^^ sad a 
row oaotrd sjgr^of biios^e. '^ha afa^^oo a? 1 aa?^^?stor 
a^a basa ar50 :t:ba a^oao&sa ^?^taohr@oiafia ao:a?ae^ 
mqra;pka? areo^ast osarise o!faoMacf to lha phate^ot^o- 
tar. 7h!a prayldes- ^Mb^tap^jy aohar pikal. f ^ motor -and. 



|t50t S| Ra. 4 a top v^aa af th<s aas- ; p^at^ oraaaso- 
ttJtf a aa ^ssosoa^ o^a^e siba^n ta f ur#^ar ^lias^a^e tba 
CDn^at af^ap?^ar^1oagatl^ 
?aoat tma^^pr maiOW: ,^ (RSb1| tbo ra^ot #&!a Id?" 

r^sat t?an^tar af t^o o^a ?aa to aa -faad aol in 
.^ea^^r^%,^Qfe : ... : . . 

CS^ISJ a^aots; o^ tho IM^ioo t^yaa' tha 

noba jo a f^§^ :;<«^te. ^ tho lm*anion whos an 
tha aopjjf la?' a aaa^e t?j?aa^ ssap^^a?. 
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8RS 
^sl?as 



sol^so ts^aaaf J^pat t^^sb3t 
5rai'>s%r g«a> 
f ?oMit>c| d^^aa 
ira^lor gala signal bt5S 
row select and pbat^aia s^na§ 
dfereaaO' a?*op^ar 
saraplo and hold a^nol trsaa^ta; 
signal stamoa ospsator 
sao^sa aod hold asaoi tJBosj^tar 



: ..aa^v% pml: : ^ar$$or ba%a^ a p^?a% af aixalo 
tira^aad la ro^ and ccokitaas that: ara read out of 
tba aothra paar a«r?oa? la a oopoootlet o?doj^ a£ 
with at least a ^^i? of tho pl^la contptls^og : 



m t 



cbar^a yallaoe convo^aaa aada; 

a raoat traas?otar aosac^jatoa a^^th bia s^ma 

pixe^ as ^atodN:^^ phota^^taclar that ha& 

a ^brpa that bat^aa^ 

aps co?^oorobo r^xta; 

a ras^; g^lo oa !ba raoat b"aaa^la? bdbtbabtad 
to;; a pr^a^at ?as^ ^bat?^ ^?5d a drsla ar^ 
tha roaat t^nsl^a? oaf5naol@d ^a a prW 
^^?d^^^^#^i; t^ ip^^^^ya^a^ > • : 
aa^anp^la?' apata^jvaa oooaa^^ a> tae 



3a The 



jtaris 



The s-nvsatlao at 1- a^Kirora appikiat^^ of a 

first p^ebatera^laed ^^^^ bOOt?a? 
b^o coaa^pim ta tho: ar^oaot ro?s^t c^ao aod * aab a 
second prabetero^o^ &vp^a.^ to b>o p?aoant re^et 
aohtrp? gs^^ raaats tba oha?gb : tb ta^f a sba^er^ 
: rovy s 



mm* 

roa^hg tha bbarae to oata^a ao?a>ors?aa :::: :aodb 
alba aaleots Iho row araes^^y balop ^ 



an oolpot signal cola?aa biiba tbr s^sh of b^b 
•^fe^ti^:-^; o^aaa-aly oaoaabtast to b^o 

In 



the applloabao of tbe brot ar^a ^ $cand p?abaf ^a 
a^laac^ ab^is oaanaota Ine a^poh^a- ot bt^ 
raw aoaanfiy bas^o a^ab to the output slg?^al 



TO^ ba^ot;an or >^ajar 1 waeraav a|3pjiaat$oa af o 



1 c 



I to the ^ re®** and, md a 



71 mm rnmmm m of 



rm 



*« tor ««* of ^ 
3y- somacsaa to >a 



ft* phoSoda^ars & thas eo^mn; 



row 



a* matins! ^xj:v^o^^ 
Jy read ten me ou^ut sigagl caa sa 



sen^ar Conors- 



such « #m r^jsan ts® mm^m m&m* 

mating at tesst a partf©* si **« suoh at 

nm m^m m ^ *xa» and s prfer 

rasatb&ss tnst are a^Ovia^ w?^ &l1$&$iqm 



S^a <Majsaated ?sw &&&*s^$t 5$ 

S^a dea;gmtsd row to rasd mt$ <^m0m in 
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